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Defense in Depth strategyDefense in Depth strategy
(James Reason)(James Reason)
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Basic ElementsBasic Elements

A change: An action that triggered another A change: An action that triggered another 
step in the problem.step in the problem.

A/C 123, Flt 
456's left wing 
collided with a 
parked fuel 
truck.



Basic ElementBasic Element

A condition: A state of being that existed A condition: A state of being that existed 
within the environment over some period of within the environment over some period of 
time.time.

The Pilot’s 
scan was poor



Basic ElementBasic Element

An Inaction: Anything that could have or An Inaction: Anything that could have or 
should have occurred to prevent the next should have occurred to prevent the next 
step in the problem, but did not.step in the problem, but did not.

The Pilot In 
Command did 
not stop the 
aircraft, when 
confusing signals 
were received



Set rulesSet rules

A/C 738, Flt 331's 
left wing collided 

with a parked fuel 
truck. (#0)

The fuel truck 
height was above 
the wing's leading 

edge (#49)

A fuel truck was 
parked in the 

safety zone (#2)

The fuel truck's psn
 to the safety zone 
line was unclear to 

the marshaller 
(#12)

The pilot's scan 
was poor (#43)

Flt 331 taxied into 
gate C-3 (#1)

The Pilot In 
Command did not 
stop the aircraft, 
when confusing 

signals were 
received (#50)

NC

The fueler parked 
the truck to deliver 

a bill to ASIG's 
office (#4)

The fueler did not 
park the vehicle in 

a designated 
parking area (#6)

The fueler did not 
park outside of the 

safety zone line 
(#127)

NC

The ASIG's 
supervision did not 
enforce the policy 

of parking fuel 
trucks in 

designated areas 
only (#9)

RC - S4, I

The fueler was not 
attentive when he 
parked the vehicle 

(#128)

The fuel company 
did not have a 

prohibition against 
parking in the 

safety zones for 
office business 

(#129)

The fuel company 
did not stress the 
importance of not 
parking in safety 

zones (#130)

The CSO did not 
establish a policy to

 advise fuel 
company personnel
 on the importance 

of szl (#131)

RC - M1234

The fuel vendor did
 not establish a 
policy to park 

vehicles in 
designated parking
 spots only (#133)

RC - M1234

The ramp was wet 
(#87)

The safety zone 
line was not visible 

from the 
marshallers psn 

(#84)

The fueler did not 
park outside of the 

safety zone line 
(#31)

NC

The Management 
did not establish a 
policy to repaint the
 lines periodically 
due to wear (#85)

RC - M1234

The fueler was not 
attentive when he 
parked the vehicle 

(#34)

The fuel company 
did not have a 

prohibition against 
parking in the 

safety zones for 
office business 

(#89)

The fuel company 
did not stress the 
importance of not 
parking in safety 

zones (#92)

The CSO did not 
establish a policy to

 advise fuel 
company personnel
 on the importance 

of szl (#93)

RC - M1234

The fuel vendor did
 not establish a 
policy to park 

vehicles in 
designated parking

 spots only (#90)

RC - M1234

The pilot had to 
turn over 135 

degree angle, to 
park (#44)

The 3C gate 
required a high 
angle turn (#46)

NC

NC
The marshaller's X 

-signal was not 
constant (#53)

The PIC did not 
follow safe 

practices (#52)

The marshalling 
agent was using 

her wands to signal
 to her 

wing-walkers (#70)

The marshalling 
agent did not stay 
in position with her 
wands X-ED (#60)

The marshaller was
 under stress (#98)

The marshalling 
agent was not 
following her 
training (#71)

The marshaller did 
not follow 

established signal 
procedures (#72)

NC

The marshaller did 
not have adequate 

on the job 
experience (#96)

NC

The Customer 
Service 

Organization did 
not monitor the 

marshalling policy 
(#74)

RC - M34, I

The marshaller was
 trying to 

communicate the 
need for the 

wingwalkers to get 
in psn using her 

wands (#62)

The wing walkers 
could not take their
position in a timely 

fashion (#61)

The marshaller 
needed the wing 
walkers in psn to 
guide the AC in 

(#77)

The marshaller did 
not follow 

procedure in 
communicating with

 WW (#79)

NC
The marshaller was

 under stress 
(#115)

The marshalling 
agent was not 
following her 

training (#120)

ramp supervision 
did not enforce the 
illustration of hand 
signals (SP6720.3) 

(#124)

NC

The marshaller did 
not have adequate 

on the job 
experience (#121)

NC

RC - S4, I

The wing walkers 
were busy 

onloading a cargo 
bin at an adjacent 

gate (#63)

The ramp did not 
have adequate 
staffing that day 

(#64)

NC
Several ramp 

workers were sick 
that day (#66)

The Customer 
Service 

Organization did 
not monitor the 
staffing level to 

insure adequacy 
(#67)

NC RC - M34, I

The PIC would not 
comply with the 
policy requiring 
safe practices 
when unclear 
signals are 

received (#54)

RC - IM (Individual 
Modify)

One 
change 
per set

Inaction 
brought 
by 
inaction



BUILDING STEPS FOR RCABUILDING STEPS FOR RCA
Last chain prior to the event chain is on topLast chain prior to the event chain is on top
Bigger problem starts at the bottomBigger problem starts at the bottom

Accident

Root Cause investigation pyramid

Level 1: high probability of 
reoccurrence. 

Level 2: lesser probability. 
(Factor  of 2)

Level 3: smaller probability. 
(Factor of 3)

The deeper the model, “the 
more defensive barriers 
“were either broken, or 
ignored, or missing.  
Reoccurrence may be low, 
but consequences can be 
high.



Upstream AnalysisUpstream Analysis

Critical steps take Critical steps take 
predominant weight on predominant weight on 
top of the model, top of the model, 
because they provide because they provide 
the last opportunity to the last opportunity to 
avoid a mishap or an avoid a mishap or an 
accident.accident.



Downstream AnalysisDownstream Analysis

Bigger problem (root Bigger problem (root 
cause) length of chain cause) length of chain 
of events indicate of events indicate 
opportunities to break opportunities to break 
the chain from the chain from 
unfolding were either unfolding were either 
ignored or unknown ignored or unknown 
(akin to latent effects).(akin to latent effects).



Engineering fixes versus Engineering fixes versus 
organizational fixesorganizational fixes

Engineering fixes are often permanent and Engineering fixes are often permanent and 
can be costlycan be costly
They may not be practicalThey may not be practical
They can introduce new threatsThey can introduce new threats
They may be disproportionate to the risk They may be disproportionate to the risk 
itselfitself



ExampleExample

Boeing 737Boeing 737--400 400 -- GG--OBME near OBME near KegworthKegworth, , 
Leicestershire on 8 January 1989.Leicestershire on 8 January 1989.
Airbus AAirbus A--320, F320, F--GGED: Accident occurred GGED: Accident occurred 
January 20, 1992 by the Mt. St. January 20, 1992 by the Mt. St. OdileOdile
(Lower Rhine). (Lower Rhine). 



Root Causes divisionRoot Causes division

Management Level Action RequiredManagement Level Action Required
Management:Management:
–– …Did not ESTABLISH a policy……Did not ESTABLISH a policy…
–– …Did not DESIGNATE that this policy apply to this...…Did not DESIGNATE that this policy apply to this...
–– …Did not COMMUNICATE..…Did not COMMUNICATE..
–– ... Did not Establish a means to MONITOR compliance... Did not Establish a means to MONITOR compliance
–– …Did not COMMUNICATE how they were …Did not COMMUNICATE how they were 

MONITORING…MONITORING…
–– …Did not ENFORCE the policy when infraction was …Did not ENFORCE the policy when infraction was 

found.found.



Supervision LevelSupervision Level

Supervision did not:Supervision did not:
–– COMMUNICATE what was wantedCOMMUNICATE what was wanted
–– PROVIDE the things necessary to complyPROVIDE the things necessary to comply
–– FOLLOW the policy in the pastFOLLOW the policy in the past
–– ENFORCE the policy in the pastENFORCE the policy in the past



Individual Action LevelIndividual Action Level

The individual’s:The individual’s:
–– Incorrect action is acceptable and the policy can Incorrect action is acceptable and the policy can 

be changed.be changed.
–– Incorrect behavior can be MODIFIED.Incorrect behavior can be MODIFIED.
–– Incorrect behavior cannot be changed, and he Incorrect behavior cannot be changed, and he 

must be REMOVED from that particular must be REMOVED from that particular 
environment.environment.



NOTENOTE

“Selecting an individual Root Cause is a “Selecting an individual Root Cause is a 
seriousserious and and rare rare decision.  Using the RC decision.  Using the RC 
wizard will help to avoid missing the wizard will help to avoid missing the 
systemic portion of a Root Cause where the systemic portion of a Root Cause where the 
individual(sindividual(s) share responsibility.”) share responsibility.”



Application of RCA using Application of RCA using REASON’sREASON’s

Problem Statement:Problem Statement:
–– Aircraft 123 arrived at Aircraft 123 arrived at 

destination as destination as fltflt 456 from 456 from 
Philadelphia on 06/14 with Philadelphia on 06/14 with 
59 customers. Gate 59 customers. Gate 
assigned was Cassigned was C--3.  As the 3.  As the 
airplane moved towards the airplane moved towards the 
gate it struck a fuel truck.gate it struck a fuel truck.



Facilitation/Logic TestFacilitation/Logic Test
Highlights focus Highlights focus 
area to area to 
investigateinvestigate

Facilitates Facilitates 
reasoning, by reasoning, by 
asking asking 
relevant relevant 
questionsquestions



Level : Full Investigation (REASON Level : Full Investigation (REASON 
Pro)Pro)

Selecting any 
of the criteria 
listed will 
trigger a full 
investigation



Level: Express Investigation Level: Express Investigation 
(REASON Express)(REASON Express)



Level: Front Line InvestigationsLevel: Front Line Investigations



InterpretationInterpretation
–– The CSO has an opportunity to establish a policy to advise fuel The CSO has an opportunity to establish a policy to advise fuel 

company on SZL. [Best optioncompany on SZL. [Best option--22%]22%]
–– The Fuel vendor has an opportunity to establish a policy to parkThe Fuel vendor has an opportunity to establish a policy to park

vehicles in designated spots. [2nd bestvehicles in designated spots. [2nd best--22%]22%]
–– The CSO has an opportunity to monitor staffing level, and insureThe CSO has an opportunity to monitor staffing level, and insure

they comply with business processes.[3they comply with business processes.[3rdrd bestbest--15%]15%]
–– The Ramp Supervision can enforce hand signals. [4The Ramp Supervision can enforce hand signals. [4thth bestbest--14%]14%]
–– The CSO can monitor marshalling policy. [5The CSO can monitor marshalling policy. [5thth bestbest--13%]13%]
–– The PIC has an opportunity to stop (if unclear signals are receiThe PIC has an opportunity to stop (if unclear signals are received. ved. 

[6[6thth bestbest--12%]12%]
–– Fuel vendor can enforce parking in designated areas. [7Fuel vendor can enforce parking in designated areas. [7thth bestbest--9%]9%]
–– Management can establish policy to repaint lines periodically. [Management can establish policy to repaint lines periodically. [88thth

bestbest--7%]7%]



InterpretationInterpretation

A/C 738, Flt 331's 
left wing collided 

with a parked fuel 
truck. (#0)

The fuel truck 
height was above 
the wing's leading 

edge (#49)

A fuel truck was 
parked in the 

safety zone (#2)

The fuel truck's psn
 to the safety zone 
line was unclear to 

the marshaller 
(#12)

The pilot's scan 
was poor (#43)

Flt 331 taxied into 
gate C-3 (#1)

The Pilot In 
Command did not 
stop the aircraft, 
when confusing 

signals were 
received (#50)

NC

The fueler parked 
the truck to deliver 

a bill to ASIG's 
office (#4)

The fueler did not 
park the vehicle in 

a designated 
parking area (#6)

The fueler did not 
park outside of the 

safety zone line 
(#127)

NC

The ASIG's 
supervision did not 
enforce the policy 

of parking fuel 
trucks in 

designated areas 
only (#9)

RC - S4, I

The fueler was not 
attentive when he 
parked the vehicle 

(#128)

The fuel company 
did not have a 

prohibition against 
parking in the 

safety zones for 
office business 

(#129)

The fuel company 
did not stress the 
importance of not 
parking in safety 

zones (#130)

The CSO did not 
establish a policy to

 advise fuel 
company personnel
 on the importance 

of szl (#131)

RC - M1234

The fuel vendor did
 not establish a 
policy to park 

vehicles in 
designated parking
 spots only (#133)

RC - M1234

The ramp was wet 
(#87)

The safety zone 
line was not visible 

from the 
marshallers psn 

(#84)

The fueler did not 
park outside of the 

safety zone line 
(#31)

NC

The Management 
did not establish a 
policy to repaint the
 lines periodically 
due to wear (#85)

RC - M1234

The fueler was not 
attentive when he 
parked the vehicle 

(#34)

The fuel company 
did not have a 

prohibition against 
parking in the 

safety zones for 
office business 

(#89)

The fuel company 
did not stress the 
importance of not 
parking in safety 

zones (#92)

The CSO did not 
establish a policy to

 advise fuel 
company personnel
 on the importance 

of szl (#93)

RC - M1234

The fuel vendor did
 not establish a 
policy to park 

vehicles in 
designated parking

 spots only (#90)

RC - M1234

The pilot had to 
turn over 135 

degree angle, to 
park (#44)

The 3C gate 
required a high 
angle turn (#46)

NC

NC
The marshaller's X 

-signal was not 
constant (#53)

The PIC did not 
follow safe 

practices (#52)

The marshalling 
agent was using 

her wands to signal
 to her 

wing-walkers (#70)

The marshalling 
agent did not stay 
in position with her 
wands X-ED (#60)

The marshaller was
 under stress (#98)

The marshalling 
agent was not 
following her 
training (#71)

The marshaller did 
not follow 

established signal 
procedures (#72)

NC

The marshaller did 
not have adequate 

on the job 
experience (#96)

NC

The Customer 
Service 

Organization did 
not monitor the 

marshalling policy 
(#74)

RC - M34, I

The marshaller was
 trying to 

communicate the 
need for the 

wingwalkers to get 
in psn using her 

wands (#62)

The wing walkers 
could not take their
position in a timely 

fashion (#61)

The marshaller 
needed the wing 
walkers in psn to 
guide the AC in 

(#77)

The marshaller did 
not follow 

procedure in 
communicating with

 WW (#79)

NC
The marshaller was

 under stress 
(#115)

The marshalling 
agent was not 
following her 

training (#120)

ramp supervision 
did not enforce the 
illustration of hand 
signals (SP6720.3) 

(#124)

NC

The marshaller did 
not have adequate 

on the job 
experience (#121)

NC

RC - S4, I

The wing walkers 
were busy 

onloading a cargo 
bin at an adjacent 

gate (#63)

The ramp did not 
have adequate 
staffing that day 

(#64)

NC
Several ramp 

workers were sick 
that day (#66)

The Customer 
Service 

Organization did 
not monitor the 
staffing level to 

insure adequacy 
(#67)

NC RC - M34, I

The PIC would not 
comply with the 
policy requiring 
safe practices 
when unclear 
signals are 

received (#54)

RC - IM (Individual 
Modify)

22% of the model is 
eliminated by 
advising fuel vendor 
on Safety Zone 
Lines

Parking vehicles in designated areas 
eliminates 22% as well (2nd best 
choice).

All together they eliminate 
44% of the problem.

The pilot (last line of defense) is 
only the 6th best choice, by then 
several barriers have failed



Interpretation of the summary sheetInterpretation of the summary sheet

Raw value of # Changes, 
Inactions and Conditions.

Raw value of # Changes, and 
Inactions.

Same as above but weighted 
according to the level where it is

REASON® Summary Sheet

3.5030Generating Causality TTP:

64Total Proper Generating Causality:

22.4190Total Relative Generating 
Causality:

3.7176Causal Stress TTP:

79Total Proper Causal Stress:

29.3690Total Relative Causal Stress:

100.0%Quantification Reliability:

ClosedThe Model is:



InterpretationInterpretation

The model is reliable: 100% The model is reliable: 100% 
The raw number of changes inactions and The raw number of changes inactions and 
conditions is :79conditions is :79
The weighted number is 29, which means The weighted number is 29, which means 
things happen close to the accidentthings happen close to the accident
The TTP tendency toward process indicates The TTP tendency toward process indicates 
how quickly the event is likely to rehow quickly the event is likely to re--occur.occur.



Relative Relative vsvs ProperProper

More weight is attributed to the top of the More weight is attributed to the top of the 
model.model.
Proper means an equal number regardless Proper means an equal number regardless 
of the level at which the events occur.of the level at which the events occur.



Causal Causal vsvs GeneratingGenerating

Causal is the number weighted changes, Causal is the number weighted changes, 
inactions and conditions.inactions and conditions.
Generating is the number of weighted Generating is the number of weighted 
changes and inactions.changes and inactions.



ConclusionConclusion

The Root Cause approach offers an The Root Cause approach offers an 
additional facet to accident investigations.additional facet to accident investigations.
It offers a systemic approach in particular It offers a systemic approach in particular 
focuses on the organizational latent effects.focuses on the organizational latent effects.
It affords a framework for RCA It affords a framework for RCA 
investigations.investigations.
If may preIf may pre--empt “removing the cause” and empt “removing the cause” and 
the problem ceases to exist.the problem ceases to exist.


